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ABSTRACT
This paper applies data mining of weight measures to discover
possible long-distance trade routes among Bronze Age civilizations
from the Mediterranean area to India. As a result, a new northern
route via the Black Sea is discovered between the Minoan and the
Indus Valley civilizations. This discovery enhances the growing set
of evidence for a strong and vibrant connection among Bronze Age
civilizations.
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INTRODUCTION

Discovering long-distance trade relations gives a deeper insight
into the economies of ancient civilizations. For example, lead ingots
were traded between Sardinia and Israel (Yahalom-Mack et al. [13]),
and the Minoans on the island of Crete traded vervet monkeys
and baboons with eastern Africa (Urbani, and Dionisios [12]) and
cumin (Cuminum cyminum) with India (Tsafou and García-Granero
[11]). Together with the exotic goods, their names also spread as
loanwords [1]. However, exotic goods constituted only a small part
of the trade among ancient civilizations. A more sophisticated view
of the intensity of trade relations can be obtained by an analysis of
the weights that were used at various locations.
Recently, Ialongo et al. [4] published an analysis of the Bronze
Age weight system and argued that an essentially common weight
system spread from Mesopotamia to the west all the way to Ireland
and to the east all the way to the Indus Valley Civilization. They
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gave a mathematical analysis that suggests that as merchants traveled from one place to another, they took their balance scales and
weights with them and allowed the local merchants to copy these
weights. Therefore, the main mode of weight exchange was successive copies being made throughout a huge trade zone that did not
have a central authority over it. That is surprising and contradicts
earlier assumptions that the introduction of a unified weight system requires a central authority that is intent to standardize trade
within the realm of some kingdom or empire by fixing a standard
weight to which every other weight must be adjusted.
Ialongo et al. [4] showed that while a uniform weight system
could emerge without the intervention of a central authority, the
successive copying of weights meant that the average unit weight
gradually shifted from the original Mesopotamian unit as the use
of the weights spread to the peripheries.
Instead of taking an overall view of the spread of the Bronze
Age weight system, in this paper we focus on the Minoan weight
system and try to answer the question of from where the Minoans
acquired their weight measures.
The rest of this paper is organized as follows. Section 2 describes
the data sources with a full listing of all the known weights that
were used by the Minoans and others in the Near East and Middle
East in ancient times. Section 3 presents the data mining results
with the main discoveries of associations between the weights of
several locations. Section 4 discusses the results in terms of geographical distribution and possible alternate trade routes that may
have existed in the past. Finally, Section 5 gives some conclusions
and describes future work.

2

DATA SOURCES OF WEIGHT MEASURES

Ialongo et al. [4] provided the exact measurement of 2274 Bronze
Age stone, metal weights. They collected this large data set over
ten years by visiting various museums and taking measurements of
the weights contained in the collections of those museums. Table 1
shows that there are 71 Minoan weight measures from Crete and 112
Minoan weight measures from the Cyclades, which are represented
by Akrotiri, Ayia Irini, and Philakopi. Hence there are a total of 183
Minoan weight measures within the large data set. Out of these
four pairs have identical weights, which are highlighted in light
green. We shifted some of the rows left or right to align the identical
weights. Without double counting the identical weights, there are
a total of 179 different Minoan weight measurements. When the
exact locations of the Cretan weight measures are unknown, then
the site name is simply indicated as ‘Crete.’ Similar data is available
for the other Bronze Age sites in Ialongo et al. [4].
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Table 1: Weight measures in grams at various Minoan Bronze Age sites
Site

Weights

Akrotiri

11.8, 12.7, 14.5, 16.3, 20.2, 23.2, 28.9, 32, 33, 35.25, 36, 37.8, 39, 39.65, 41.85, 42.5, 48.9, 52.9, 54.5, 56.6, 58, 65, 66.5, 80.3,
84, 86.1, 88.1, 88.3, 92.2, 95.4, 110, 115.3, 119.6, 169.7, 184.9, 187, 216, 234.5, 236.9, 239.9, 241.9, 252.5, 297.7, 357.8,
369.2, 483.8, 704.6, 744.3, 1009.4, 1021.2, 1028, 1162, 1408.4, 1506.2, 1619
12, 13.2, 13.6, 15, 15.2, 15.4, 15.9, 20.25, 20.35, 28.1, 28.6, 30.35, 31.1, 31.5, 31.6, 34.4, 34.9, 35.8, 38.7, 39.4, 39.7, 40.1,
42.3, 53.3, 54.8, 55.75, 57.9, 58.1, 58.3, 58.9, 59.95, 60.3, 61.15, 61.25, 63.6, 64, 64.9, 65.55, 67.05, 70.45, 79.9, 83.05, 85.7,
88.7, 91.9, 97.7, 121, 219.2, 390.6, 506.6, 626.7, 965.2, 1030.1, 1158.8
3.6, 7.5, 8.4, 43.25, 66.5, 73.62, 94, 113, 1140
24.3, 50.7, 237.1, 319, 402.9, 1487.8
9.3, 9.8, 10.2, 10.5, 11.4
5.15, 8.45, 8.54, 12.6, 15.57, 16, 19.4, 19.82, 22.05, 35, 42.7, 59.92, 62.26, 96.4, 273.47, 327.02, 1567.47
11.4, 57.4, 74.4, 251.8
19.4, 29.3, 30.4, 32.1, 43.7, 44.5, 92.9, 342.2, 720.3, 828.5, 14581.1
31.7
7.8, 14.4, 33.38, 63.1
190, 470, 1530
46, 506.9
6.4, 9.5, 23.9, 30.6, 33.7, 40.8, 47.2, 220, 310, 472.4, 473.4, 477.5
220, 1421.3

Ayia Irini
Crete
Haghia Triada
Katsambas
Knossos
Mavro Spelio
Mochlos
Pachyammos
Palaikastro
Philakopi
Praisos
Tylissos
Zakros

3

DATA ANALYSIS

According to Ialongo et al. [4], the weight measures were repeatedly copied as merchants spread the weight system wherever they
traveled. Each copying could introduce some error. Hence if there
is an exact match between two weights, then it is a strong indication that one is a direct copy of the other instead of being just a
copy of a copy of some degree. In other words, perfect matches are
indicators of direct trade links where the merchants took goods
and their weights between the two locations. To investigate direct
trade links, we selected three broad regions for our study:
1. The Minoan civilization, which flourished in the Bronze Age
on Crete and the Cyclades.
2. The Fertile Crescent, which in our study included
Mesopotamia, Syria, and southern Anatolia.
3. The Indus Valley civilization, which includes three major
towns: Chanhu-Daro, Harappa, and Mohenjo-Daro.
We identified all perfect matches among the weights in the database that linked across at least two of these three regions and involved the Minoan civilization. Figure 1 shows these inter-regional
matches. We found 30 inter-regional matching weight measure
pairs, triangles and quadrangles that involved the Minoan civilization. Out of these 30 inter-regional matching weight groups,
26 groups, or about 86.7 %, agree with Ialongo et al.’s theory of a
gradual spread from the Fertile Crescent area to both west to the
Aegean area and west to the Indus Valley civilization. However,
four groups, or about 13.3 %, do not seem to fit well into that theory.
These groups, which area highlighted in pink in Table 2, are puzzling for the theory because they show matching weights between
the Indus Valley and the Minoan civilizations without the common
value occurring anywhere in the Fertile Crescent.
Consider for instance the 28.6 grams weight triplet. According to
Ialongo et al.’s theory, a 28.6 grams weight had to exist somewhere
in the Fertile Crescent, and from there merchants traveled to at
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least three different destinations (1) Ayia Irini, (2) Harappa, and (3)
Mohenjo-Daro, where perfect copies of these were made.
If we were to accept Ialongo et al.’s theory, then we must assume
that all the 28.6 grams weights that were used in the Fertile Crescent
are now lost. That is unlikely. We also would have to accept that at
three different times perfect copies were made of the 28.6 grams
weight that is now lost. That is also unlikely.
The alternative explanation for the existence of the 28.6 grams
weight triplet is that the original 28.6 grams weight existed in the
Indus Valley civilization. Suppose that a Harappan merchant took it
to Mohenjo-Daro, where a copy was made, and to Ayia Irini, where
another copy was made. This explanation is more plausible than
the previous one because it presupposes making two perfect copies
instead of three perfect copies and presupposes that the weights
survive in the place of origin instead of being lost.
Of course, even more explanations are possible. For instance,
one may suppose that the original Fertile Crescent weight was the
28.4 grams weight found at Ur, and from there a merchant traveled
to Mohenjo-Daro where a copy was made with some error that
resulted in a 28.6 grams weight. Then a perfect copy was made at
Harappa. Then the Mesopotamian merchant went to another trip
to Ayia Irini, where again the same error of 0.2 grams was made,
which again resulted in a 28.6 grams weight. The advantage of this
explanation is that we no longer must account for a lost weight.
On the other hand, it has only a small probability that the same
magnitude copying error will be made at two different locations at
two different times.
Any statistical model of the various scenarios to explain the
data will have to rely on various assumptions about the probability
of a certain weight measure being lost in a region and about the
probability of copying errors of various sizes. Unfortunately, these
assumptions may always remain questionable to those people who
cannot imagine a direct trade route between the Indus Valley and
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Figure 1: Inter-regional weight measure matches among Fertile Crescent (green), Aegean (blue), including the island of Crete
(dark blue), and the Indus Valley Civilization (pink). The green weights can be assumed to have spread from the Fertile Crescent, but the pink weights suggest a direct contact between the Aegean and the Indus Valley Civilization. Full Width Figures.

Figure 2: The Trapezus-Tebriz-Astarabad-Meru-Buhhara-Shortugai trade route. (This map is based on https:
//en.wikipedia.org/wiki/File:C%2BB-Trade-Map1-HitherAsiaTradeRoutes.JPG)
the Minoan civilization that avoids Mesopotamia. Hence, it seems
important to describe some possible alternative trade routes that
merchants may have taken in the Bronze Age between the Indus
Valley and the Aegean area. This we will do in the next section.

4

DISCUSSION OF THE RESULTS

In Table 2, the matching weight groups highlighted in pink link the
Indus Valley civilization with the Cycladic subgroup of the Minoan
civilization. In particular, the direct Indus Valley-Minoan trade links
seem to lead to Akrotiri, which was the main commercial center
on the island Thera, which is now called Santorini, and Ayia Irini,
which was the main commercial center on the island of Keos. This
suggests the following possible alternate route.

4.1

An Alternative Route

This alternative route would go from Shortugai west on the
ancient Oxus River, which is now called the Amu Darya River.
After Buhhara, a merchant could travel southwest to Meru, then to
Astarabad, then to Tebriz, and finally to Trapezus. The Indus Valley
and the Minoan traders could have met at Trapezus because the
Minoans could sail through the Dardanelles and the Bosporus straits
and sail along the northern coast of Turkey to reach Trapezus.
This scenario is plausible because the mountain dwelling Shortugai traders would need to travel through the mountains and the island dwelling Minoans would need to sail on the seas. An advantage
of this direct Indus Valley-Minoan trade would be to circumvent
the Mesopotamian intermediates, who would likely raise the price
of the goods.

4.2

A possible route may have started from Shortugai, which was an
Indus Valley civilization outpost town in the Himalayas. It is found
today in Afghanistan. In Figure 2, we added Shortugai to a map
that shows some ancient trade routes. It can be supposed that these
routes already existed in the Bronze Age because we know that
through Shortugai tin and lapis lazuli were transported to the Indus
Valley civilization.

Further Evidence of a Northern Trade
Route

If the Indus Valley traders would turn south around Lake Van,
then they could also reach Cape Gelydonia and Ebla directly.
There are many perfect matches between the Indus Valley weights
and the Cape Gelydoani and Ebla weights without a matching
Mesopotamian weight. This again suggests that the Indus Valley
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Figure 3: Inter-regional weight measure matches among Fertile Crescent (green), Aegean (blue), including the island of Crete
(dark blue), the Indus Valley Civilization (pink), and Maramures, (orange).

Figure 4: A Venn diagram of those weights that are the most important indicators of direct trade. Pink weights indicate a direct
trade between the Indus Valley civilization and either the Aegean or Maramures, . The orange weight indicates a direct trade
between the Aegean and Maramures, . The green weight indicates a likely source from the Fertile Crescent.
traders had direct contacts with traders from Cape Gelydonia and
from Ebla.
Furthermore, there also may have been direct contacts between
the Indus Valley civilization and some Bronze Age successors of
the Old European culture in Southeastern Europe. In 1880, Hampel
[3] reported a set of weights for the gold treasure found in today’s
county of Maramures, , Romania (formerly Mármaros, Hungary).
Figure 3 shows the associations between those weights and the
other sites from Ialongo et al. [4].
Figure 4 shows a Venn Diagram of those weights that indicate
direct trade among any pair of the three periphery regions of the
Aegean, the Indus Valley Civilization, and Maramures, . The 12.6
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weight match between the Aegean and Maramures, suggests direct
trade between the two regions. Similarly, the 54-weight match between the Indus Valley civilization and Maramures, suggests direct
trade between those two regions. The 15, 28.6, 35.8, and 54.5 weight
matches between the Aegean and the Indus Valley civilization implies direct trade between those two regions.
Figure 2 already suggested a trade route between the Black Sea
port of Trapezus and the Indus Valley civilization town of Shortugai.
From Trapezus one can sail on the Black Sea to the Danube Delta,
and from there reach its tributaries, including the Tisza River, which
leads to the Maramures, area as shown in Figure 5. This hypothetical
route would be a natural connection between the Indus Valley
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Figure 5: A hypothetical Maramures, -Trapezus-Shortugai trade route. (This map is based on the direction finder of Google
Maps https://www.google.com/maps using the keywords of Maramures, and Shortugai.)
civilization and the Maramures, area. In addition, it is possible to
sail from the Danube Delta to the Sea of Marmara and from there to
the Aegean Sea. This hypothetical route would be the most suitable
connection between Maramures, and the Minoan sites in the Aegean
area. It was probably the Minoans who have sailed this sea route
between the Danube Delta and the Aegean.

4.3

Related Work on the Minoan and the Indus
Valley Civilizations

Our study of trade relations adds valuable information to the already
known data regarding the Minoan and the Indus Valley civilizations.
Recent advances in archaeogenetics yielded both mitochondrial and
autosomal DNA data for the Minoans. Analyses of the mitochondrial [6] and the autosomal [10] DNA data consistently show that
the Minoan society was composed of several groups. One group
likely came from Anatolia, while the other group came from the
Danube Basin and the western littoral area of the Black Sea [6]. The
connection with the Anatolian farmers may go back to the earliest
farmers in Crete because agriculture spread from Anatolia to the
Aegean islands.
The connection with the Danube Basin may stem from the early
Bronze Age. Many new migrants likely arrived at the island of Crete
at the beginning of the Minoan civilization, which is called the Early
Minoan period, around 3000 BC. Another wave of migrants arrived
at the beginning of the Middle Minoan period around 2200 BC
according to Arthur Evans. The exact chronology is debated by the
archaeologists. However, they agree that writing was introduced
to Crete during the Middle Minoan period.
Minoan writing had two forms: Cretan Hieroglyphs and the Linear A script. In 1991, Marija Gimbutas already pointed out some
similarities between the Linear A script and the Danubian script
signs. Her observation also suggests some population movement
from the Danube Basin to Crete paralleling the archaeogenetic
data. Hence, the earliest scribal class of the Middle Minoan period
likely consisted of the new migrants from the Danube Basin, and
the underlying language of the Linear A script could be related to
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the Pre-Indo-European language of the Old European civilization.
The translation of twenty-eight mostly religious Linear A inscriptions suggests that the scribal language was a Uralic language [5].
The Uralic language speaking peoples were assumed to have had
a homeland somewhere near the Ural Mountains. However, it is
possible that this language family goes back to the Mesolithic or
Paleolithic period because there are no cognate agriculture-related
words between the Finno-Permic and the Ugric branch of languages.
In that early period, the Uralic homeland was likely in the Danube
Basin rather than anywhere more to the north.
Surprisingly, there are many cognate Pre-Greek and Ugric words
[8]. These Pre-Greek cognate words likely were borrowed from the
Minoan language by Greek. In addition, a graph-based algorithmic
analysis of Minoan inscriptions was able to show that the Minoan
language had front-back vowel harmony [9]. Front-back vowel
harmony likely was already present in the Proto-Uralic language
and is wide-spread within the Uralic language family. Front-back
vowel harmony is not a characteristic of Indo-European languages.
The scribal language may have been different from the common
Minoan language because the Minoan civilization may have been
multilingual during the Middle Minoan period. Homer (Odyssey,
book 19, lines 172-177) described the island of Crete as a multilingual and multiethnic place around 800 BC. While Homer mentions
Achaeans and Dorians, two well-known Greek groups, he also
mentions other groups that could be Pre-Greek: the Eteocretans,
or ‘true Cretans’, the Kydones, and the Pelasgians. Given that the
Mycenaean civilization followed the Minoan civilization and Crete
remained continuously under Greek dominance until Homer, it is
hard to explain the presence of these apparently Pre-Greek groups
unless they were already in Crete during the Minoan period.
A detailed art motif analysis [7] also identified three sets of
Minoan art motifs. The first set contains art motifs that spread from
the Near East via the spread of agriculture. These motifs spread both
eastward and westward together with agriculture and can be found
in both the Indus Valley and Crete during the Early Minoan period.
The second set of motifs apparently originated in the Danube Basin

IDEAS’22, August 22–24, 2022, Budapest, Hungary

Peter Revesz

because they first appear there in the Neolithic or early Bronze
Age. This second set of motifs first appear on Crete during the
Middle Minoan period. Finally, the third set contains art motifs that
were likely brought in by the Mycenaeans because they appear on
Crete during the Late Minoan period, when the island was already
occupied by the Mycenaeans.
The Indus Valley script has a close connection with the Sumerian
pictograms but only a distant relation with the Linear A and Linear
B scripts [2]. That is likely because syllabic writing developed only
in the Bronze Age.

5

CONCLUSIONS AND FUTURE WORK

We hope these techniques will enable the discovery of other possible trade routes among ancient civilizations. In general, the method
could be applied to discover other relations too that rely on copying
some other metric such as length or volume. Our study of trade
relations adds valuable information to the already known similarities. Each type of similarity shown serves as a piece of a grand
mosaic that depicts strong and vibrant connections among Bronze
Age cultures that were previously viewed as isolates.
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